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a b s t r a c t 
Background: The theory of allostatic load has gained momentum in perinatal research to understand the 
biological pathways of the impact of maternal chronic stress on adverse perinatal outcomes. However, 
due to physiological changes of pregnancy, including large variations across gestation, the extent to which 
allostatic load measured in pregnancy is valid has not been queried in depth. 
Objectives: This study aimed to assess the gestational patterns of selected individual allostatic load in- 
dicators and to explore whether a pregnancy allostatic load index score had face validity in relation to 
chronic sociodemographic stress. 
Design: This is a secondary analysis using data from the 1999–2006 National Health and Nutrition Ex- 
amination Survey. 
Methods: A total of 1056 pregnant women were included for analyses. Using ten physiological indicators 
commonly included in an index of allostatic load, we described individual indicator and index score pat- 
terns across gestation and assessed differences in allostatic load index scores between women with and 
without sociodemographic stress. 
Findings: The average allostatic load index score at any gestational month was not statistically signifi- 
cantly different from the average allostatic load index score in the non-pregnant sample. We also found 
the allostatic load index score remained steady across gestational month, despite very different gesta- 
tional patterns of individual allostatic load indicators, as long as gestation-specific risk quartiles were 
used to calculate the allostatic load index score. Face validity was affirmed via higher allostatic load in- 
dex scores in women with sociodemographic stress compared to those without such stress. 
Conclusion: Our study suggests that measuring allostatic load in pregnancy is valid for reflecting women’s 
true physiological functions and chronic stress, but gestational age should be considered when scoring the 
allostatic load index for women at different gestational age. 
Implications for practice: As a valid measure of chronic stress, a pregnancy allostatic load index may 
contribute to research on health inequities and perinatal outcomes. 



















Chronic or repeated stress such as low socioeconomic sta-
us and child maltreatment has been demonstrated in relation
o increased risk for morbidity and mortality ( Felitti et al., 1998 ;
ilbert et al., 2009 ; Nandi et al., 2014 ). The long-term costs of
hronic or repeated stress on biological stress response systems
ould explain how exposures to stress shape health outcomes. Bio-∗ Corresponding author. 






266-6138/© 2019 Elsevier Ltd. All rights reserved. ogical stress responses are activated to successfully adapt to stres-
ors in the short term, but in the long term the prolonged activa-
ion of stress response systems results in dysregulations of phys-
ological mediators from neuroendocrine, immune, cardiovascular, 
nd metabolic body systems and thus eventually leads to diseases.
he “wear and tear” effect on body systems induced by chronic
tress is the basic assumption of the allostatic load (AL) theory. 
AL refers to the cumulative physiological dysregulations of
ultiple body systems (e.g., neuroendocrine, immune, cardio-
ascular, and metabolic systems) responsive to chronic stress
 McEwen and Stellar, 1993 ). In response to stressful environmen-
al demands, the activity of the neuroendocrine system is acti-
























































































































m  vated and primary mediators (i.e., cortisol, norepinephrine, and
epinephrine) are released, causing a cascade of physiological ef-
fects on other body systems such as immune, metabolic, and car-
diovascular systems. Repeated, prolonged, or inadequate stress re-
sponses cause systemic dysregulations of biomarkers from multi-
ple systems and can eventually lead to diseases ( McEwen, 2006 ).
The theory of AL describes a process from stress to dis-
eases and provides a framework for understanding the detri-
mental effects of repeated or chronic stress on poor health
outcomes. 
AL is commonly operationalized as a composite index (AL in-
dex; ALI) score that combines multiple biomarkers and anthro-
pometric indicators from across several body systems. A higher
ALI score indicates worse body system functioning. AL has been
well documented in relation to both chronic stress and ad-
verse health outcomes in non-pregnant populations ( Beckie, 2012 ;
Juster et al., 2010 ). In a systematic review of 11 studies using
data from the National Health and Nutrition Examination Sur-
vey (NHANES) with slightly different combinations of AL indi-
vidual indicators, ALI scores varied across sociodemographic fac-
tors ( Beckie, 2012 ). AL levels increased with age from 20 to 60
years. Black people had higher AL levels than White people at
all ages. Lower education and income levels were also associ-
ated with higher AL levels across all ethnic groups ( Beckie, 2012 ).
Some studies also suggested AL plays a mediating role in the
link between stress and health outcomes ( Crimmins et al., 2009 ;
Seeman et al., 2004 ). Applying the AL theory to perinatal re-
search, AL may serve as a potential contributor to adverse peri-
natal outcomes in women who experienced psychosocial and
traumatic stress. The ALI score may be a new risk assess-
ment method to detect the risk for adverse perinatal outcomes
among pregnant women experiencing psychosocial and traumatic
stress. 
However, only a small number of studies have measured AL
during pregnancy ( Hux and Roberts, 2015 ; Morrison et al., 2013 ;
Wallace and Harville, 2013 ). Pregnancy is a state that involves
temporary alterations in physiology across multiple body systems
to facilitate reproduction. These alterations have different pat-
terns across gestation. For example, blood pressure declines un-
til the second trimester and then rise in the third trimester, to-
tal cholesterol (TC) and triglycerides increase across gestation,
and high-density lipoprotein (HDL) rises in the first and sec-
ond trimester and then decreases in the third trimester ( Soma-
Pillay et al., 2016 ). In addition to the normal basal physiological
alterations in pregnancy, physiological stress response systems that
constitute AL are modified compared with the non-pregnant state
( Blackburn, 2014 ). A review of 15 studies that used standardized
laboratory stressors to test stress reactivity to pain and psycho-
logical stress during pregnancy found that physiological stress re-
sponses (i.e., blood pressure, heart rate, cortisol, epinephrine, nore-
pinephrine) to exogenous challenges might be attenuated during
pregnancy ( de Weerth and Buitelaar, 2005 ). Thus, there is a ques-
tion about the extent to which the great changes in physiology and
physiological stress reactivity during pregnancy affect individual
AL indicators from neuroendocrine, immune, cardiovascular, and
metabolic systems in ways that reduce the validity of AL measure-
ment. And therefore, it is unclear whether AL in pregnancy validly
reflects women’s true physiological status as well as whether it
can be a valid indicator of chronic stress such as sociodemographic
stress. 
For this study we used NHANES data to address two aims: A)
To examine the gestational curves of each individual AL indicator
and of an ALI score and determine implications for scoring, and
B) to test whether the ALI score has face validity in pregnancy by
comparing women with and without sociodemographic stress in
terms of ALI scores. c  ethods 
tudy design 
This is a secondary analysis using NHANES data. NHANES is a
ross-sectional study designed to assess various aspects of health
f adults and children in the United States, which has been
onducted in a 2-year cycle since 1999 ( CDC and NCHS, 2014 ).
 complex, multistage probability sampling approach has been
sed to select a large nationally representative sample of ap-
roximately 50 0 0 individuals annually from all 50 states and
he District of Columbia. It consists of an interview adminis-
ered in the home and a standardized physical examination con-
ucted in a mobile examination center (MEC). The interview com-
onent of NHANES asks sociodemographic information, dietary
ehaviors, diseases, medical conditions, and other health-related
uestions. The examination component includes medical, den-
al, and physiological measurements, as well as numerous lab-
ratory tests. To address the study aims, we used data from
he 1999 to 2006 cycles of NHANES. The data collected after
006 were not used because since 2007 pregnant women have
ot been oversampled. This secondary analysis of de-identified
ata was exempt from ethics review by the Institutional Review
oard (IRB). 
articipants 
Pregnant women were included in the study. Pregnancy sta-
us at the time of the MEC examination was reported for females
–59 years of age and confirmed through urine pregnancy test.
f the urine test was positive, the status is coded as pregnant at
xamination. A total of 1256 women were pregnant at the ex-
mination, but 198 pregnant women (15.8%) did not report their
estational month at the exam and two women (0.2%) reported
hey were at gestational month 10. These 200 women were ex-
luded. Thus, a total of 1056 pregnant women were included for
nalyses. 
ariables and data sources 
The 10 physiological indicators used in the ALI were C-reactive
rotein (CRP) from the immune system; systolic blood pressure
SBP), diastolic blood pressure (DBP), and pulse from the cardio-
ascular system; and body mass index (BMI), TC, HDL, glycohe-
oglobin, glucose, and triglycerides from the metabolic system.
hese 10 physiological indicators have been frequently used in pre-
ious AL studies ( Juster et al., 2010 ). The study did not include
ther physiological indicators from the NHANES database because
here is a large amount of missing data or some of those indica-
ors were collected only in subsamples. Standard examination and
aboratory procedures were described in the NHANES Examination
nd Laboratory Protocols (CDC and NCHS, 2015). 
To measure gestational month, we used the survey ques-
ion − “What month of pregnancy are you in?” from the Re-
roductive Health Questionnaire. Sociodemographic information
as also obtained from the household and MEC interviews.
hese items included age at the time of the MEC exam, race,
overty-income ratio, education levels, and marital status. In this
tudy, age was dichotomized into two categories: 15–34 and 35–
4 years. Race was recoded as non-Hispanic White and other
aces (i.e., Mexican American, other Hispanic, non-Hispanic Black,
nd other race including multi-racial). Poverty-income ratio is
n index computed by dividing family income by the Depart-
ent of Health and Human Services (DHHS) poverty line, spe-
ific to family size, as well as the appropriate year and state. It
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Fig. 1. The adjusted means and standard errors of 10 allostatic load individual indicators across gestational month. Analyses adjusted for age, race, poverty-income ratio, 













o  anges from 0 to 5, with a lower number indicating more se-
ere poverty. In this study, it was coded into two categories: low
nd middle poverty-income ratio (0–4) and high ratio (4.01–5).
ducation level was recoded as high school or less and more
han high school. Marital status was coded as married/living
ith a partner and widowed, divorced, separated, or never
arried. We created a proxy variable for sociodemographic stress by
dding the number of high-stress categories the woman belonged
o: being pregnant at the age of 35–44 years, other races except
on-Hispanic White, having high school or less education, hav-
ng the more severe poverty-income ratio (0–4), and being wid-
wed, divorced, separated, or never married. The index was then
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r  dichotomized, with the value of 0 indicating no sociodemographic
stress and the range of 1–5 indicating any stress. 
AL scoring 
The count-based method was used to score ALI ( Li et al., 2019 ).
Using this method, the ALI score is the number of physiological
indicators on which participants scored in the highest risk quartile,
yielding a possible score range of 0 to 10. 
We expected the levels of each physiological indicator to change
across pregnancy. In this study, pregnant women were at differ-
ent gestational month. Using the risk quartile for each physiolog-
ical indicator, based on the whole pregnant sample distribution,
would introduce error. Women with the most relatively elevated
levels of physiological indicators at certain gestational months may
be classified in the high-risk quartile, when in fact the level may
be more closely associated with gestational months than stress
physiology. Thus, the ALI calculations by the count-based method
must account for gestational month. To do this, we divided the
whole sample into 9 gestational-month-specific subsamples. Then
we scored ALI within each gestational-age specific subsample. That
is, we calculated the risk quartile for each physiological indica-
tor based on the distribution within each of the 9 subsamples
in which participants were at the same gestational month. The
gestational-month-specific ALI was also dichotomized, with val-
ues at or above the 75th percentile considered high risk for poorealth and scored as “1 ′′ while values below 75th percentile scored
s “0 ′′ . 
In addition to the gestational-month-specific ALI score, we also
alculated an ALI score without taking gestational month into ac-
ount (Non-gestational-month-specific ALI score). That is, the cut-
ff points for each indicator were based on the distribution of each
hysiological indicator in the whole pregnant sample instead of
ach gestational-age specific subsample. 
tatistical analysis 
“Refused” or “don’t know” responses were recoded as miss-
ng values. We used the multiple imputation (MI) method
 Rubin, 2004 ) to impute all missing data. Based on the recommen-
ation of Yuan (2010) with 13.9% of data missing, we created 10
mputed datasets ( Yuan, 2010 ). 
Each individual AL indicator was plotted for each gestational-
onth group to describe the gestational patterns of each individ-
al indicator. Age, race, poverty-income ratio, education levels, and
arital status were adjusted for in order to eliminate the hetero-
eneity of these gestational-month groups. Linear regression mod-
ls were conducted to examine the effect of gestational month on
ach physiological indicator level. Each indicator was included re-
pectively as the outcome variable and age, race, poverty-income
atio, education levels, and marital status were adjusted for in the
egression models. Based on the plots, gestational month was in-
Y. Li, V.K. Dalton and S.J. Lee et al. / Midwifery 82 (2020) 102621 5 
Table 1 
Summary of 10 physiological indicators in terms of their gestational patterns. 
Indicators Patterns observed 
Statistically significant changes across 
gestation by month or trimester? 
Consistent with known pregnancy 
physiology? 
Pulse Near linear. Pulse increased with the 
progression of pregnancy but had a 
slight decrease at late gestation. 
Yes. Gestational month was 
significantly correlated with pulse 
( β= 0.22, P < 0.001). 
Yes. The early increase in ventricular 
wall muscle mass and end-diastolic 
volume contribute to an increase in 
stroke volume and heart rate in 
pregnancy ( Soma-Pillay et al., 2016 ). 
SBP Inverted bell curve. There was a 
decrease in SBP from early gestation to 
mid-gestation and then SBP increased 
during late gestation. 
Yes. SBP at the first trimester was not 
significantly higher than the second 
trimester ( β= 0.14, P = 0.071), but SBP 
in the third trimester was significantly 
higher than the second trimester 
( β= 0.16, P < 0.001). 
Yes. The smooth muscle relaxation 
and overall vasodilation caused by 
elevated progesterone contribute to 
the decreased SBP in the first and 
second trimesters. The highly 
increased plasma volume in the third 
trimester causes an increase in SBP 
( Soma-Pillay et al., 2016 ). 
DBP Inverted bell curve. DBP decreased until 
the middle of gestation and then 
increased to the late gestation. 
Yes. DBP at the first and third 
trimester were significantly higher 
than the second trimester ( β= 0.39, 
P < 0.001; β= 0.08, P < 0.001). 
Yes. The explanation for the pattern of 
DBP is the same as SBP 
( Soma-Pillay et al., 2016 ). 
BMI Inverted bell curve. BMI decreased in 
the first month, increased to gestational 
month 7, and then remained steady for 
the last 2 months of gestation. 
Yes. BMI at the first and second 
trimester were significantly lower 
than the third trimester ( β= −0.39, 
P < 0.001; β= −0.10, P < 0.001). 
Yes. Pregnant women lose weight at 
early gestation which may be due to 
nausea and vomiting. After the 
symptoms reduce, their weight 
increases. 
TC Near linear. There was a steady increase 
in TC as pregnancy progresses. 
Yes. Gestational month was 
significantly correlated with TC 
( β= 0.49, P < 0.001). 
Yes. The increase in TC levels is 
mainly due to increased synthesis by 
the liver and decreased lipoprotein 
lipase activity, resulting in decreased 
catabolism of adipose tissue. Changes 
in lipid metabolism accommodate the 
needs of the developing fetus. 
Increased TC levels provide for the 
mother’s energy needs while glucose 
is spared for the fetus 
( Soma-Pillay et al., 2016 ). 
HDL Bell curve. HDL increased in the first 
half of pregnancy and then fall in the 
third trimester but the level was still 
higher than early pregnancy. 
Yes. HDL levels at the first trimester 
were significantly lower than the 
second trimester ( β= −0.47, P < 0.001), 
but the levels at the third trimester 
were not significantly lower than 
those of the second trimester 
( β= −0.04, P = 0.086). 
Yes. The explanation for the pattern of 
HDL is the same as TC 
( Soma-Pillay et al., 2016 ). 
CRP Bell curve. As pregnancy progressed, 
CRP levels fluctuated with the peak 
levels reached at gestational month 4 
and 7. 
No. CRP levels during the first and 
third trimester were not significantly 
lower than the second trimester 
( β= −0.06, P = 0.430; β= −0.02, 
P = 0.503). 
Partially consistent. CRP is known to 
be slightly elevated during pregnancy. 
This is because the maternal 
inflammatory reaction to the 
pregnancy. But there is no consistent 
change in CRP levels with gestational 
age ( von Versen-Hoeynck et al., 2009 ; 
Watts et al., 1991 ). 
Glycohemoglobin Inverted bell curve. Glycohemoglobin 
fell in the half of pregnancy and then 
rose to the late pregnancy. 
Yes. Glycohemoglobin levels at the 
first and third trimester were 
significantly higher than the second 
trimester ( β= 0.38, P < 0.001; β= 0.11, 
P < 0.001). 
Yes. The pattern is the result of 
increased insulin secretion and 
increased insulin sensitivity in early 
pregnancy, followed by progressive 
insulin resistance in the third 
trimester ( Soma-Pillay et al., 2016 ). 
Glucose Inverted bell curve. Glucose decreased 
in the middle of gestation and then 
increased to the late gestation. 
Yes. Glucose levels at the first 
trimester were significantly higher 
than the second trimester ( β= 0.27, 
P = = 0.005), but the levels at the 
third trimester were not significantly 
higher than the second trimester 
( β= 0.04, P = 0.118). 
Yes. The explanation for the pattern of 
glucose is the same as 
glycohemoglobin ( Soma-Pillay et al., 
2016 ). 
Triglycerides Near linear. There was a steady increase 
in triglycerides with the progression of 
pregnancy. 
Yes. Gestational month was 
significantly correlated with 
triglycerides levels ( β= 0.50, P < 0.001). 
Yes. The explanation for the pattern of 
triglycerides is the same as TC 
( Soma-Pillay et al., 2016 ). 







a  luded as an explanatory variable when the relationship between
estational month and the indicator was linear, while trimester
as included as the explanatory variable when the relationshipas not linear. i  
p  The average gestational-month-specific ALI score was plotted
or each gestational-month group to describe changes in ALI scores
cross different gestational month. To eliminate the heterogene-
ty of these gestational-month groups, we adjusted for age, race,
overty-income ratio, education level, and marital status. Means


















































Fig. 2. (a) The adjusted mean and standard error of non-gestational-month-specific 
allostatic load index scores across gestational month. The average allostatic load in- 
dex score in the non-pregnant population (women with reproductive ages of 15–49) 
from the NHANES 20 01–20 06 database was also shown for comparison. Analyses 
adjusted for age, race, poverty-income ratio, education level, and marital status. (b) 
The adjusted mean and standard error of gestational-month-specific allostatic load 
index scores across gestational month. The average allostatic load index score in 
the non-pregnant population (women with reproductive ages of 15–49) from the 
NHANES 20 01–20 06 database was also shown for comparison. Analyses adjusted 

















s  and standard deviations were used to describe gestational-month-
specific ALI scores in terms of different sociodemographic factors
and the dichotomized sociodemographic stress index. 
In order to compare the average gestational-month-specific ALI
scores with the average ALI score in the non-pregnant sample
(women with reproductive ages of 15–49), we computed the av-
erage ALI score by the count-based method from the NHANES
20 01–20 06 database and added to the graph of the pregnancy ALI
scores ( Li et al., 2019 ). As comparison, we also plotted the aver-
age non-gestational-month-specific ALI score for each gestational-
month group with the average ALI in the non-pregnant sample
added to the plot. 
Three binary logistic regression models were conducted to ex-
amine the associations between gestational age, sociodemographic
stress, and AL, with the dichotomized gestational-month specific
ALI score as the dependent variable. Although we computed the
gestational-month-specific ALI score, we still included gestational
month in the models to control for other gestational factors such
as pregnancy stress. In the first model, only gestational month was
included as the explanatory variable. In the second model, gesta-
tional month, age, race, poverty-income ratio, education levels, and
marital status were included as the explanatory variables. In the
third model, gestational month and the dichotomized sociodemo-
graphic stress index were included as the explanatory variables. All
statistical analyses were performed using R Software Version 3.4.2
( R Core Team, 2017 ). 
Results 
The gestational patterns of each individual indicator 
As seen in Fig. 1 , pulse, TC, and triglycerides increased with the
progression of pregnancy. SBP, DBP, glycohemoglobin, and glucose
decreased until the middle of gestation and then increased to the
late gestation, with the lowest level during the second trimester.
BMI decreased dramatically from gestational month 1 to month 2,
increased gradually from month 2 to month 7, and then remained
stable for the last two months of pregnancy. Regarding HDL and
CRP, there was an increase from early gestation to the middle of
gestation and then a decrease in late gestation. Except for CRP,
there were significant differences in each individual AL indicator
levels across different gestational month or trimesters ( Table 1 ). 
The descriptive statistics of gestational-month-specific ALI scores in 
terms of sociodemographic factors 
As seen in Table 2 , pregnant women aged 35–44 years had sig-
nificantly higher ALI scores than those aged 15–34 years ( t = −2.55,
p = 0.011). Women with poverty-income ratio no more than 4 had
significantly higher ALI scores compared to those with poverty-
income ratio more than 4 ( t = 2.64, p = 0.008). There were
no statistically significant differences in ALI scores between non-
Hispanic White and other races, women with high school or less
education level and those with more than high school educa-
tional level, and women who were married or living with part-
ner and those who were widowed, divorced, separated, or never
married ( p > 0.05). Compared to those without sociodemographic
stress, pregnant women with any sociodemographic stress had sig-
nificantly higher ALI scores ( t = −2.68, p = 0.008). 
The gestational curves of ALI scores 
As seen in Fig. 2 a, the non-gestational-month-specific ALI scores
changed significantly across gestational months. Except for gesta-
tional month 2 and 6, the ALI scores at each gestational month
were different from the average ALI score in the non-pregnantopulation (women of reproductive age) from the NHANES 2001–
006 database ( M = 2.35, SE = 0.03, N = 4319). However, after
e took gestational month into account when scoring ALI scores,
he gestational-month-specific ALI scores remained steady across
estational month and the score at each gestational month was
round the score in the non-pregnant sample ( Fig. 2 b). The average
LI score in the non-pregnant population was within one standard
rror above and below the average pregnancy ALI score at each
estational month. The gestational-month-specific ALI scores were
ot statistically significantly different from the average ALI score in
he non-pregnant population. 
he associations between AL, gestational month, and 
ociodemographic stress 
As seen in Table 3 , the binary logistic regression model veri-
ed that gestational month was not significantly associated with
he ALI scores, which had been scored with gestational-month
pecific risk quartiles ( p > 0.05). The association remained non-
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Table 2 
Descriptive statistics: Association between allostatic load index scores and sociodemographic 
factors ( N = 1056). 
ALI scores 
n M ±SD t value p 
Age −2.55 .011 
15–34 935 2.31 ±1.69 
35–44 121 2.73 ±1.83 
Race −0.09 .925 
Non-Hispanic White 482 2.35 ±1.68 
Other races 574 2.36 ±1.73 
Poverty-income ratio 2.64 .008 
≤4 793 2.44 ±1.73 
> 4 263 2.12 ±1.62 
Education level 0.95 .342 
High school or less 549 2.40 ±1.67 
More than high school 507 2.30 ±1.75 
Marital status 0.49 .626 
Married/living with partner 803 2.37 ±1.71 
Widowed/divorced/separated/never married 253 2.31 ±1.70 
Sociodemographic stress a −2.68 .008 
No 135 1.99 ±1.70 
Any 921 2.41 ±1.70 
ALI = Allostatic load index. 
a Sociodemographic stress is the sum of disadvantaged categories: older age (35-44 years), 
racial/ethnic groups besides non-Hispanic White, poverty-income ratio less than or equal to 
4, high school or less education level, or widowed, divorced, separated, or never married. 
Table 3 
Associations between allostatic load, gestational month, and sociodemographic stress. 
Model 1 Model 2 Model 3 
OR 95% CI P OR 95% CI P OR 95% CI P 
Gestational month 1.05 [0.99, 1.11] .122 1.05 [0.99, 1.11] .115 1.05 [0.99, 1.11] .119 
Aged 35–44 years a 1.46 [0.98, 2.15] .081 
Other races except Non-Hispanic White b 0.92 [0.69, 1.21] .547 
Low and middle poverty-income ratio c 1.30 [0.93, 1.82] .183 
High school or less d 1.08 [0.80, 1.46] .609 
Divorced/Separated/Widowed e 0.97 [0.70, 1.33] .592 
Any sociodemographic stress f 1.56 [1.06, 2.37] .043 
a Aged 15–34 years was the reference. 
b Non-Hispanic White was the reference. 
c High poverty-income ratio ( > 4) was the reference. 
d More than high school education level was the reference. 
e Married/living with partner was the reference. 











































t  ignificant after including all 5 individual sociodemographic fac-
ors (age, race, poverty-income ratio, education levels, and marital
tatus) or the sociodemographic stress in the model ( p > 0.05). All
 sociodemographic factors were also not significantly associated
ith ALI scores ( p > 0.05). But women with any sociodemographic
tress had significantly higher ALI scores than those without so-
iodemographic stress (OR = 1.56, 95% CI = [1.06, 2.37]). The gesta-
ional curves of ALI scores by no and any sociodemographic stress
re shown in Fig. 3 . 
iscussion 
This study described the gestational patterns of each individual
L indicator and ALI scores as well as assessed the validity of mea-
uring AL in pregnancy. We found strong patterns of differences
n levels of each individual AL indicator (SBP, DBP, pulse, BMI, TC,
DL, glycohemoglobin, glucose, and triglycerides) at different ges-
ational months except for CRP. When calculated using gestational-
onth specific risk quartiles, ALI score remained steady across ges-
ation, and was not statistically different from the average score in
he non-pregnant NHANES sample (women with reproductive ages
f 15–49). We also found higher sociodemographic stress in rela-ion to elevated ALI scores, suggesting face validity of the ALI score
n relation to chronic stress measured in pregnancy. 
Except for CRP, each individual AL indicator changed signif-
cantly across gestational month. The changing pattern of each
ndicator across gestation was consistent with known pregnancy
hysiology. The finding suggests that gestational age should be
aken into account when scoring AL in pregnant women. Since
hysiological indicators included in the ALI change with preg-
ancy, population-based pregnancy-specific cut-off points need to 
e determined for each individual AL indicator at each gestational
onth. Given that the NHANES has a nationally representative
ample with data collected with standardized procedures and pro-
ocols, future research could identify the cut-off points of each in-
ividual AL indicator for each gestational month using the NHANES
ata. 
We found that the non-gestational-month-specific ALI score
hanged across gestational months. But after we considered the in-
uence of gestational age when scoring ALI, the gestational-month-
pecific ALI score remained steady across gestation and the score
t each gestational month was not different from the scores in
he non-pregnant population. This study finding may indicate that
easuring AL at any time in pregnancy would reflect women’s
rue physiological functions. We found no association between age,
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Fig. 3. The gestational-month-specific allostatic load index scores across gestational 
month in terms of sociodemographic stress. There is only one woman at Gestational 








































































































h  race, poverty-income ratio, education level, and marital status with
gestational-month-specific ALI scores. But women with any so-
ciodemographic stress had higher ALI scores compared to those
without sociodemographic stress. These findings may suggest that
cumulative sociodemographic stress is a more significant predictor
than individual sociodemographic factors for predicting elevated
pregnancy AL levels. It may also indicate that measuring AL in
pregnancy could be a valid measure of chronic stress. 
Few studies have examined AL in pregnant women. In these
studies AL was measured AL at one time point in early or
late pregnancy or at any time during pregnancy ( Hux and
Roberts, 2015 ; Morrison et al., 2013 ; Wallace and Harville, 2013 ).
Only one study assessed the validity of measuring AL during preg-
nancy, using the same NHANES 1999–2006 data with pregnant
women at different gestation months ( Morrison et al., 2013 ). But
the study failed to find validity in measuring AL during pregnancy.
This was probably because their approach to scoring ALI did not
account for changes in individual AL indicators across gestation.
Morrison et al. (2013) also suggested that measuring AL in preg-
nancy might reflect women’s exposure to chronic stress if preg-
nancy physiological changes were taken into account. 
We found the biggest differences in ALI scores at gestational
month 6 between women with and without sociodemographic
stress. This finding suggests that the greatest variance in AL levels
that can be explained by chronic stress may be in mid-pregnancy.
This further indicates that the 6 month routine visit, might be the
optimal time to collect individual AL indicators if the goal is to
measure AL only once during pregnancy. 
There are a few limitations in this study. First, given the cross-
sectional study design of the NHANES, pregnant women were at
different gestational months and the ALI score was calculated in
each gestational month group. We plotted the average ALI score
of each gestational month group instead of the average score of
the same sample across gestation to describe the gestational pat-
terns of ALI scores. But to eliminate the heterogeneity of these
gestational-month groups, we adjusted for age, race, poverty-
income ratio, education levels, and marital status when plotting
the gestational curve of the ALI score. Second, gestational month
instead of gestational week was asked in the NHANES study, which
may slightly influence our descriptions about the changing pat-
terns of the ALI scores and each physiological indicator across
gestation. Additionally, there was only a very small number of
pregnant women at gestational month 1 and women at the veryarly stage of pregnancy may not know their exact gestational
ge, introducing a potential source of error in the first point on
he gestational curve. For instance, although the increase of BMI
rom gestational month 2 to late gestation appears to be consis-
ent with known pregnancy physiology, BMI was highest at ges-
ational month 1, which seems unlikely to represent the effect
f gestation on BMI. Also, there was only one woman at gesta-
ional month 1 without sociodemographic stress. Low education
ttainment is a factor in the sociodemographic stress index; thus
otentially low health literacy about pregnancy may have result
n women stating they are in month 1 erroneously. This source
f error is unlikely to occur in clinical use, when gestational age
ould be determined by parameters other than self report. Lastly,
ata on biomarkers from the neuroendocrine system (i.e., cortisol,
pinephrine, norepinephrine), which are direct primary mediators
n response to stress, are lacking in the NHANES database. The ALI
as constructed without biomarkers from the neuroendocrine sys-
em. Given the limitations of the study, a longitudinal study with
regnant women is needed to measure a full complement of in-
ividual AL indicators at multiple time points across gestation to
eplicate our analyses. 
Despite these limitations, the study has strengths as well. The
HANES database includes numerous biomarker and anthropomet-
ic measures from the body systems usually measured in AL, which
rovides adequate individual AL indicators for our study to create
 pregnancy ALI. Additionally, the NHANES data are collected with
tandardized procedures and protocols. This assure that the data
or analyses are of high reliability and validity. 
This study may also have some implications for further re-
earch. The study addressed an important methodological issue
egarding measuring AL in pregnancy. For future studies that re-
ruit pregnant women at different gestational ages, gestational age
hould be taken into account when scoring ALI. The study sug-
ested that measuring AL in pregnancy could reflect women’s true
L in relation to chronic stress, which contributes to applying AL to
erinatal research on exploring AL as a potential biological mech-
nisms or pathways for the impact of maternal chronic stress on
dverse perinatal outcomes. In addition, our study suggested that
ate second trimester is the optimal time of collecting individual AL
ndicators in order to detect the greatest variance in AL levels ex-
lained by chronic stress. Thus, future perinatal studies with lim-
ted study funding can select one time point to measure AL; this
ould align with clinical routine laboratory assessments generally
onducted in the 24–28 week period. 
This study is an additional step toward verifying the validity of
pplying AL to perinatal outcomes research. Future investigations
f the ALI score as a new risk assessment method may contribute
o developing a comprehensive assessment of risk for adverse peri-
atal outcomes. The ALI score may be added to existing risk scor-
ng systems and technical assessments to identify the majority of
regnant women subsequently having an adverse perinatal out-
ome. For pregnant women whose ALI score was particularly high,
tress mitigation interventions in particular might prove valuable. 
onclusion 
In summary, measuring AL in pregnancy is valid for reflect-
ng women’s true physiological functions and chronic stress, but
estational age needs to be taken into account when scoring AL.
s a valid measure of chronic stress, pregnancy AL may prove to
e a significant contributor to predicting adverse perinatal out-
omes. Future studies measuring multi-system individual AL indi-
ators at multiple time points during pregnancy and following up
omen’s perinatal outcomes are needed to establish predictive va-
idity. Given the toll of prolonged and severe stress and high AL on
ealth across the lifespan, applying the theory of AL to perinatal










































































Y  ealth may contribute to quantification of psychosocial stress and
dvocacy for multiple eco-social levels of stress remediation for the
ost stress-exposed and thus vulnerable pregnant women. 
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